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Stueckelberg-Horwitz-Piron (SHP) Formalism

Electrodynamics
Maxwell's equations
Manifest covariance
9y FMV (x) = eJH(x)
Mt = eFH (x)xy

Pair creation/annihilation

E=p"=Mx"<0

Covariant canonical dynamics

_p-eARP
K=F—p TVl

T-dependent gauge field
Au(x) — au(x, 1)

V(x) — —eas(x, 1)
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Einstein

Minkowski & Fock

Stueckelberg

Horwitz & Piron

Horwitz, Sa'ad,
Arshansky, Land

4+1 Formalism

Relativity
Lorentz group
Tensor formulation
xt = dxt/ds
ds? = —11,,, dxt'dx"
External evolution parameter
Xt =dxt/dt
ds? = —x%(7)d7?
Unconstrained phase space
e 871( Pu = _aiK

py # oxH
Evolving block universe
M = M(7)

(particle + field masses) =0
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Stueckelberg-Horwitz-Piron (SHP) Formalism

Covariant canonical mechanics with parameterized evolution

8D unconstrained phase space = T # proper time

_dxt

xt(t), (1) i = I Auv,...=0,1,2,3

Canonical electrodynamics with scalar Hamiltonian (K = total mass)

1 d oL oL
= — MV -1 — _
L 2Mg}”,(x)x X +extay(x,7) +eas(x, T) 0 37 o
K= [p B ea(x/ T)]z N oK . oK

— eas(x, T) it =—

2M “ap, T Tow
Extend SHP to include pseudo-5D metric describing T-evolution of spacetime

L= %Mgaﬁ(x, 7) %% P %,B,7,6=0,1,2,35 1 =csT
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SHP — Geometry and Evolution

4D block universe M(T) at each T
Physical event x#(T) in SHP

Irreversible occurrence at time T
x#(Ty) occurs after x#(17)
T >T = x#(T2) cannot change x#(t1)
No grandfather paradox
Evolution

4D block universe M (T) occurs at T

Infinitesimally close 4D block universe M (T 4 dT) occurs at T+ dt

M(71) M(t+dT)

Hamiltonian K generates evolution in T

scalar K ) ) ) o )
=—> No conflict with general diffeomorphism invariance
external T
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Geometry and Trajectory

Standard approach to motion in general relativity

Two neighboring events in spacetime manifold M (instantaneous displacement)
Interval 6x2 = g, 6xHéx¥ = (x3 — x1)?
Invariance of interval — geometrical statement about M
Trajectory
Map arbitrary parameter { to sequence of events x#({)
Timelike interval between any two events = take { — s (proper time)
In 4D block universe M
Trajectory — sequence of instantaneous timelike displacements
“Motion" appears as displacements in xo(s)

Path length — Lagrangian

Sx? = Suvdxtox’ = gw,x?‘x"ész g=(—++4)
—— 1 1l
Lconstrained = LV _gyl/xﬂxv Lynconstrained = 2 g;wxyxv
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Geometry and Evolution

Pseudo-5D metric

Two neighboring events:

¥ (1) € M(1) (T +61) € M(T+67)
Distance

dxt = (T 4 01) — x# (1) >~ (1) + (7)1 — x¥(T) = oM + XMoT
Squared interval (referred to x coordinates)

dx? = g 0x6xY 4 gy XXV 6T + g KM XV 6T? ~ gup (X, T) ox*oxP

Contributions to interval «p=012235
Suv OxHox"
Geometrical interval between two events at T
Expresses symmetries of spacetime manifold M
855 Sx26x°
Dynamical interval between events in M(T) and M (T + 47)

Expresses symmetries of evolution generated by Hamiltonian K
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Example in space

Particle in 2D space — expanding disk with radius R(7) = 54
Points on expanding disk
q = R(7) (cosb,sinb) q =R (t+67) (cosb,sinb)

Distance
dq=q—q~ (6R+36:R(t))R+ R0 6

Geometrical distances: 50 =0 — 0 0R = R(1) — R(71)
Dynamical distance: d:R(7) = R(T+ 1) — R(7) = gTé7T

Interval
dq? = 6R? + R260% + Q>1267% + 29TOROT = §,,00°6C"

Pseudo-3D metric

1 0 1
57 = (R, 66,67) gw=1| 0 R*> 0
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Example in space

Equations of motion
Lagrangian

L= %Mgab(:“gh =1M (R2 LR+ 2¢TR + gzrz)

0= MR+ g7) — MR )
dt . ¢
0= — (MR*) — MR*) =/

dt

Qualitative result
Particle at edge of disk sees force F = 02/ MR3 — Mg

) 3 Particle moves at edge of disk
Mg > {*/MR°> = ) o
As if attracted by gravitational force

Appears as “external” force
Fp=-Mg — : .
Enters through evolution of circular geometry
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Canonical Mechanics in General 5D Spacetime

Lagrangian

L= %Mgmg(x”,JCS)J'C”‘J'C/3 Au,v=0,1273 a,pB,v=0,1,273>5

Euler-Lagrange — geodesic equations

Dx7 " 1
= 7DT =i7 + rZﬁx“xﬁ ]_"Zﬁ — Eg'ﬂs (aﬂégéﬁ + aﬂgétx _ aég‘Bg()
Canonical momentum
JL . 1
Pa =g = Mgt — it = e
Conserved Hamiltonian
1 dK DxP
= X — = —_— tX‘B - = WX T —

K=x"py,—L 2Mg PaPp I Mgaﬁx Dt 0

Poisson bracket IK 9K 1 ag"‘ﬂ

?_{K }+BT ZMP‘XP/B ot =0
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Break 5D symmetry — 4D-+1

Constrain non-dynamical scalar x° = c57
L= %Mgaﬁ(x, T)J'c”‘x/g = %Mg,w i xV 4+ Mcs SusX! + %Mcé 255

Euler-Lagrange — geodesic equations

8 o oA eo T i
0= D _ P +F%75c/55ﬂ R ¥t + T 27 + 2e505,27 + c5055 = 0
bt 5(.:5 = (5 = 0
Symmetry-broken connection
Fz/g = %gﬂv (aﬁgwx + aagvﬁ — ng,x;;) Fiﬁ =0

Hamiltonian
K= pui — L = 558" pupy — 3Mc3 855

dK oK
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Non-thermodynamic dust
Number of events per spacetime volume = n(x, 7)
Particle mass density = p(x, T) = Mn(x, 7)
5-component event current = j* (x, T) = p(x, 7)x*(T) = Mn(x, T)x*(T)

Continuity equation

Vaja = Vﬂjy + an
Mass-energy-momentum tensor
TH = pxhx?

VT =0 T = px*xf —
g P TS — c5jP

Einstein equations
1 81tG
Gap = Rap — 5R8up = — 5 Tup
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Weak Field Approximation

Small perturbation to flat metric

2
8up = Mup + hzxﬁ — a“rglx,B = a“rhacﬁ (hlxﬁ) ~0 h~ Uaﬂhacﬁ
Define Flaﬁ = hyp — %’Mﬁh — Einstein equations

167G ; _ ] i
1 Tap = 93yl + 209 ] — 3,9, g — Dudph

Impose gauge condition 9,i“* = 0 —» wave equation

167G _ B
o Tap=—9"hep = - (a”ay + ’f;%) Fug
5

Solve with principal part Green's function

Top (t— ‘X_x/l,x’,’c
Ijl,x‘B (x,T) _ 4C7£C: B ap ( c )

x = x|
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Post-Newtonian Approximation
Point source X = (cT(t),0) in co-moving frame where T =1+ a (7) /2 and a?> =~ 0

, 2
T = mc?126% (x) p (t — T (1)) ™ =0 T = C—;TOO ~ 0
Writing M(t) =mp (t — T (1)) a slowly varying density function

. 4GM i _ 2
hOO (X,T) — 2R TZ B (.X',T) =0 h55 (X,T) _ 5

1 1
Iho = — 51" vhoo [y = 52 1""dchoo

Equations of motion for a test particle in spherical coordinates putting 6 = 71/2

= (choo) 4+ % (Vho) 2 ~ 250 (1 +2 (T)) i (1)

2R 2
2 2R¢+R¢—O—>¢——L
. c . - - 2
X = E (VhOO) tz — L2 GM MR
R = 272
MZ2R3 R?
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Post-Newtonian Evolution

Solution to t equation neglecting R/c < 1 and orp ~ 0

. 2 1 o 1 2
t:exp{c(ill;/I (Dc—i—itxz)} — t2T221+§(1+ g?)zx

Taking « = 0 recovers f = 1 for Newtonian case

Using solution to t equation in radial equation

d (1., 1 L[> GM 1 _ GMd
E{ER +5M2Rz‘T(”i“(”)}—‘ﬁﬂ“(f)

. dK . . _— .
LHS is — where K is particle Hamiltonian = particle mass

dt
In source rest frame, T # 1 = Aenergy without Amomentum = Amass

Source transfers mass to perturbed metric field 1,4
Particle mass not generally conserved — particle absorbs mass from h,xﬁ

Taking a = 0 recovers nonrelativistic motion with conserved Hamiltonian

Martin Land — |ARD 2020 4+1 Formalism May 2020 14 /34



3+1 Formalism in General Relativity

Time evolution formalism for Einstein equations
Formulate field equations as initial value problem

Decompose 10 components of spacetime metric into:
6 component space metric
3 component (spatial) shift vector
1 component (time) lapse
Decompose 10 components of Einstein equations into:
6 component partial differential equation (PDE) of second order in d;
4 constraints on space metric, its 15t t-derivative, energy-momentum
Based on mathematics of embedded hypersurfaces
Darmois (1927), Lichnerowicz (1939), Choquet-Bruhat (1952)
Intrinsic structure of hypersurface
Extrinsic structure imposed by embedding hypersurface in larger manifold
Arnowitt, Deser, Misner (1962)
ADM Hamiltonian formulation of GR

Intrinsic and extrinsic structure — canonical conjugate field variables
4+1 formalism generalizes 3+1 framework as presented in:
Gourgoulhon (2007), Bertschinger (2005), ADM (1962), Isham (1992), Blau (2020)

Martin Land — |ARD 2020 4+1 Formalism
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Schematic Outline of 3+1 Formalism

Define a foliation of 4D spacetime
Choose scalar field (x) on spacetime

Hypersurface = simultaneous spacetime points x sharing t(x) = constant
Choose t(x) to identify spacelike hypersurfaces (3D space manifold at time f)
Each vector V tangent to each hypersurface is spacelike (V2 >0 )
Vector 1 normal to hypersurface is timelike (n2 = —1)
Projection operators split tangent and normal components of 4D objects
Induced space metric Vij is spacelike projection of spacetime metric gy
Spacetime metric gy — {'y,-]-, (normal) lapse N, and (tangent) shift Ni}
Spacelike projection of 4D covariant derivative compatible with Vij
Spacelike projection of 4D curvature — usual 3D (intrinsic) curvature
Timelike projection of 4D curvature — extrinsic curvature of t-evolving space
Einstein equations
Project Einstein equations onto spacelike hypersurface and timelike normal
10 components of Einstein equations split into two groups
6 second order PDEs describing t-evolution of space metric Vij

4 non-evolving constraints on initial conditions

Martin Land — |ARD 2020 4+1 Formalism May 2020 16 /34



4+1 Formalism in SHP General Relativity

Schematic Outline |: The Embedding

5D pseudo-spacetime coordinates X = (x,¢c57) € Ms =M x R
Manifold M5 an admixture of 4D spacetime geometry and T-evolution
In flat pseudo-spacetime g, — Mg = diag (—1,1,1,1,0) where 0 = £1
Natural foliation of 5D pseudo-spacetime M35 — spacetime hypersurface Y .
Time function 7(X) — ¥, = {X € M5 | S(X) = 7(X) — 10 =0}
Vector n normal to hypersurface ) . is T-like (n2=0==1)
Projection operators split tangent and normal components of 5D objects
Induced spacetime metric Vv is projection onto M of 5D metric Sup
5D metric gup — {7, lapse N, and (tangent) shift N/}
Spacetime projection of 5D covariant derivative compatible with Yuv

Spacetime projection of 5D curvature — usual 4D (intrinsic) curvature Ruvap

T projection of 5D curvature — extrinsic curvature of T-evolution Kup

Martin Land — |ARD 2020 4+1 Formalism May 2020 17 /34



4+1 Formalism in SHP General Relativity

Schematic Outline II: Einstein Equations

5D Einstein equations
1 8ntG
Gap = Rap = 5R8up = =5 Tup
Bianchi relation
VoG*¥ =0

5 constraints on solution to field equations

Project Einstein equations onto spacetime hypersurface and t-like normal
Decompose 15 components of field equations into two groups

10 unconstrained second order PDEs
Describe T-evolution of spacetime metric Yuv and extrinsic curvature Ky

5 non-evolving constraints on initial conditions: {’yw, aww, T,Xﬁ}

Martin Land — |ARD 2020
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Foliation of 5D Pseudo-Spacetime M5 = M x R

Embedding

X e M, u=0,1,2,3

Injective mapping ® : M — M5 with
X% = (x,c57) € M5, «=0,1,2,3,5

4D hypersurface — implicitly defined submanifold
Yo, = {X € Ms | S(X) =0} where S(X) =7(X) — 19 =X>/c5 — 19

Rank 4 Jacobian

Xﬂé
E;’j = (?’W)r — Ey = 9y = 9d/0x" as basis for tangent space of ),
0

Unit normal to ),

B n-E, =ngE% =0
ny =0 |g™| 12 9:S (X) — e
n? = g"‘ﬁn,xnﬁ =0
Induced metric on M

9X™ 9XP
2 _ _
ds? = g,pd X dXP = g, = 3

dxtdx” = oy, dxtdx’ — v, = gaﬁEﬁEE

Martin Land — |ARD 2020 4+1 Formalism May 2020
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Projection Operators

Projections

A € Ty (Ms) = tangent space of M5 —
x(Ms) gent sp ° {AL:A—U(Am)n

Normal Projection Operator
Nyp = onang N,WNWS =02 nynP = Nﬁ
Tangent Projection Operator
Pyp = gup — Tratg Pg = ¢*f —on®nf PMPWS - Pf = (55 — ongnP

Completeness Relation
ﬁ = Pﬁ +on® ng

Projector P,y restricted to ), is metric Yuv

VeT( Ms) — Vi = P;;Vﬁ € Tx (Z¢) — v € Tx (M) such that V§ = oE},

= upERED = (Pup + omang ) ESED = PugESEL = Py

Martin Land — |ARD 2020 4+1 Formalism May 2020 20/34



Decomposition of the Metric

Time evolution
hypersurface Y. = {X* | t(X) =19
Embedding X (x,7) —» . = 1 J
trajectory X*(1) ={X"(x,7) | x=x0}
General trajectory: normal component € } . . 5r and tangent component € }
aX*
oT

Lapse function N and Shift vector N¥#
Spacetime shift

T T+0T :>X"‘+( ) 5T:X“+(Nn”‘+N"E;’j)(5T
X0

oX*
oxH

Xt = X+ ( ) oxtt = X" + Eyoxt
5D interval o
ds? = gaﬁdX“dXﬁ = Sup [Nn"‘C5dT + E;‘ (NFesdt + dx")] [Nn/g05d’r + Ef (NYesdt + dx'/)]

Decomposition of metric using n? = naEy =0 Yuv = gaﬁE;’;Eg

1 1
W4+ g NHNY —g—sNH
Qup = ’)/F“/ N?‘ goc/S _ LS N2 N2
“p Ny oN2+ 7, NFNY 1 1
N N
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Intrinsic Geometry

Covariant derivatives — compatibility — curvature
On M5 g,B’y — l"gm — v”‘gﬁ')’ =0 — {Vﬂ, Va] X(; X’Y sap

OnM 7, — Tux — Dury =0 — [Dy, D] X, = X3R},,

Projected Covariant Derivative

For V€ Ms define V,Vj = (P'YVV)( 5\/5) = PIPIV, Vs

using V,XPM = —oP% Pg P;y ((Va/ny) ng + nﬁlva/ny) =0

Associate Dy=VyonYy, — Dy on M
through Dy = EiDy = E4P/V, = EV,

Projected Curvature ng
OnY: 75 — Topy — Davp, =0 — [Dﬁ,D,x] X; = XyR] 4
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Extrinsic Geometry

Extrinsic Curvature

Curvature of M as manifold embedded in M5 as }_
Gradient V15 in Ms

Extrinsic curvature = projection of gradient onto }.r — Kyp = szPg Vqyns
Using n> = 0 — (V,Xn,;) nP =0 — Vang € Tr — P (Vqng) = Vang
Kyp = —pJ V,,nﬁ = —V“nﬁ + ony (n7V7n5>
Using g = o' [g%°| "% 355 (X) = oNVS (X)
. ng nyy 1
Expanding n7V,ng =n" (V,N) ~ T nTNVg (ﬁ) = —O’ND/gN

1
K“ﬁ = 7V,xnﬁ - TlaﬁDﬁN
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Extrinsic Geometry

Evolution of Hypersurface ),

Time Evolution of }

XY\ . [aX® .
X = (35) s (aT) 5T —> ES = (35)" = Ni* + NVES
Define m* = Nn* = m2=0N? — 3 =m+N

Using K“‘B = —V[xn}g - ﬂa%D‘BN
V;;m,x = NV,;n,X + n,xVﬁN = —NK/M — nﬁD,xN + naVﬁN
Lie derivative of Yuv along 95
Ls=Ly+ LN
Using Ly, Yop = m7V7'y,xﬁ + Wﬁvamv + Yar Vpm? = —2NK,p

Evolution equation for spacetime metric

L57up — LN Yap = —2NKog —> L5, — LNV = —2NKp
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Decomposition of the Riemann Tensor

Gauss-Codazzi Relations

Using 6% =P¥ +onen®  ESPY =EY  nuE% =0 to expand
By Ef E)EQPY PL P PY Ry = Rl

_ s 5B s 58 T BrApY .0 B A
&Xﬂ 55/555R5,,ﬂ,—> E"‘EEPnP"‘PﬁRMﬂ UNR5W

ESF Ef Py n® P 1" Ry, = N2Rf;

where RZ ph dn%nP =0 because of the symmetries of the Riemann tensor
Gauss relation

Decomposing projected Ricci equation for V tangent to ) ;
I _ pH M I
[Dp, D] Vs = VyRY,y — RY,\ =R\ = o (KK — Kp Ky )
Codazzi relation

Decomposing Ricci equation for unit normal n

[vﬁ,va] W' =RT, o7 — RS, = a% (D/\KW - DVKM,)

Martin Land — |ARD 2020 4+1 Formalism May 2020

25 /34



Evolution of the Extrinsic Curvature

Decompose Ricci equation for unit normal n
« & _ puo o
VpVont =V, Ven® = R(smn

Project once onto n and twice onto )

Paarn'Y’PE (Vﬁrvv/n"‘, —V,Yrvﬁrn"‘/) an’' 1 P‘g Réﬁ/ N

Use K,xﬁ = fvan,; — n,xlDﬁN

to obtain P, n7 Pg’ fK,WKV

B TISVEK,M

1 Y po
+ 7 DsDeN + PP

15/3' M
Lie derivative of Kyg
(L5 — LN) K‘"ﬁ =Ly K”‘IS = mVVYK,Xﬁ + KW;V,xm"Y + K,WVﬁmV
Using Vgm* = fNK% —ngD*N +n"VgN
and combining the above leads to

’ / 1 1 —
P’Xapﬁ‘BR Dé’ﬁ/ = U’N,Cm szﬁ =+ O-ND’XD/SN —+ Ra‘B — U'KKaﬁ =+ UZKgKﬁé
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Decomposition of the Einstein Equations

Evolution Equation for Kyg
Einstein equations

1 8nG 8nG 1
Ryp — ZglxﬁR Tocﬁ — Ryp= A (Tnxﬁ - EgoqﬂT> T= glxﬁTlxﬁ

Decompose Typ

Top = Ta//z’ (P;‘I + Un"‘/na) (Pgl + U'I’lﬁ/n‘[;) = Sup +20napp + nangk
where
Sap = PYPE Ty ¢ T pp =P Ty ¢ Ts,
K:n"‘nﬁTaﬁ<—>T55 T=S+o0x
Combining PP (Tyy — 38upT) = Sap — ¥7ap (S + %) with Ly Ky
leads to

(£5 - EN) K;w = —DVDVN

_ 87‘L’G 1
+N {—URW + KKy — 2K uKoy + 00— |Spw — 5T (S+ 0'K):| }

Martin Land — |ARD 2020 4+1 Formalism
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Decomposition of the Einstein Equations

Constraint Equations

Projecting Einstein equations twice onto normal n

1 8nG 1 8nG
(Raﬁ — §g"‘ﬁR) n“nf = - ,,‘lgn"‘nﬁ — Raﬁn“nﬁ — E(TR =-ar
Contracting indices in Gauss relation
R —20R,gn"nf = R~ o (K2 - K"“sK,,“;)

Hamiltonian Constraint

Combining above leads to

R—o (K= K"Ky, ) = PR LIS

A

Momentum Constraint

Projecting Einstein equations onto ). and normal n
/ 1 8ntG _8nG
apb e apb
"Pﬁ(Raﬁ’ Zg“ﬁR)—n Pﬁ Tﬁ a Pp

Combining with Codazzi relation leads to

8nG
DKl — D,K = —T
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Decomposition of the Einstein Equations

Summary of Differential Equations in 441 Formalism

Evolution equation for spacetime metric

1

%‘CT ,)/]u/ - ‘CN ’)/yv = _ZNKVV
Evolution equation for extrinsic curvature

1
(gﬁr - LN) Ky = —DyDyN

_ 8nG
+N {—ORW + KKy — 2K, Ky + 0 2 {
Hamiltonian Constraint
_ 1
R—o (K =K"Kp) = -0 onG
C

Momentum Constraint
8nG

DK — D,K = —T P

Martin Land — |ARD 2020 4+1 Formalism
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Evolution Versus Constraints

Bianchi relation
V.G =V, (R‘"ﬁ - %g”‘ﬁR) =0

In D dimensions symmetric tensor G*f has D(D +1)/2 components
G*P has 15 components on M3
5 components of Bianchi relation — 10 independent components + 5 constraints

Order of T derivative
8nG

Einstein equations Gug = ——Typ — 2" order in T derivatives of Sup
c

Initial conditions for evolution PDE = {guﬁ , E)Tg“!;, Taﬁ}

Bianchi relation
1
VoG =0 — —08:G% = —V, G + {Christoffel symbols} x G*
5
RHS at most 2" order in 9; = G°P at most 15t order in 9
G®F — 5 constraints on initial conditions

. . . 1 L
Bianchi relation: G*¥| =0 = C—BT G| =0 — constraint is conserved
To 5 To
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Static Schwarzschild-like Geometry

Metric for Taﬁ =0 — Spw=pu=x=0

ds? = —c?Bdt* + Adr® + r*d6? + 1 sin® 0d¢? + cWcidt?

where
B(r):A*l(r)=1—q>O(r)=1—fTAf W =W (x,7)
_ Yuv NV _ Yuv (I’) 0
Sup Ny oN?+7,,NFNY 0 oN?(x,7)

with R =0 for Schwarzschild spacetime metric and N = W
Dynamical Equations — 4D wave equation for VW

(05— £N) T = —2NKpyy — 317y = —2NKy, — Kpy =0

95Ky = ~DuDyN + N (=0Ryy + KKy = 2K3Kp ) — 7#DuDyy W (x,7) = 0

Constraints trivially satisfied for R = K,y = py =k =0

167G
A

8nG
o

R-o (K2 - K’“’KW> = Ty DKl — D,K =
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Perturbation Around Schwarzschild Geometry

Admit variable mass
M(T)=M[1+a(t)] a®><1 — B=A1=1-0)[1+a(1)
Take W =1
4D connection T-dependent but retains unperturbed form — R =0

Dynamical equations (neglecting terms in a® and CD%)
Metric evolution

1 Dpi (T) . 1
857’” = —2NKyy — K = —EE)T')/W =— 2C5( )dlag (1, ﬁ,O, 0)

o
Kl = yM Ky, = —702025(7)diag(—1, 1,0,0) — K=Ki=0

Curvature evolution, using R =0, N=1, N¥ =0, and (KW)Z xa? 0

1 | 1 871G 1
ESTKVV = —EQOIX (1) diag (1, —,0 0) =04 [SW ~ 5T (S +mc)}
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Perturbing Energy Momentum Tensor

Hamiltonian constraint — no perturbing mass density

167G

Kk — K(XD(2<D%%0
c

R—o (K2 = K"Ky ) = =0
Momentum constraint — perturbing mass current into r direction
pv = DyKY — DyK = 9, K} + KT — K\T],
po =K+ KA, — KU}, — KT, — K9S, — Kird, =0
p1=3K{ + KTy, — KT, = —%é%a (1)
Evolution equation — perturbing energy density and momentum density in r direction

" . 1 2 167G 1
& (1) Ppdiag (1, ?,0,0> = —Uc—gciz {Syv - E’YWS}

-1
2 167G
Soo = S11 = (ch 2 Dot (1) Sy =533=5=0
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